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APPARATUS AND PROCESS FOR DISTRIBUTING MOLTEN 
THERMOPLASTIC POLYMERS TO MOLDING MACHINES 

Technical Field 
5 The present invention relates to a process and 

apparatus for distributing molten thermoplastic material 
to a plurality of molding machines operating in timed 
sequence. The invention is particularly applicable to 
transferring molten polyester (normally polyethylene 
10 terephthalate or a copolymer thereof) directly to 

injection molding machines for producing molded plastics 
articles. 

Background of the Invention 

15 In the production of most molded articles from 

molten thermoplastic material, it is conventional 
practice to first solidify and pelletize the material. 
Pellets may then be stored and used at a later time in 
molding processes. The present invention is especially 

20 useful with respect to condensation polymers such as 
polyethylene terephthalate (PET) and the transfer of 
this material in molten form directly to a plurality of 
molding machines which are operated in timed sequence 
such that the flow of material is substantially 

25 constant. 

U.S. Patent No. 4,470,796 relates to a method and 
apparatus of making hollow plastic articles in which the 
preforms or other articles are sequentially molded from 
a continuous stream of plasticized resin supplied by an 

30 _ extruder. The preforms are formed sequentially in a 

plurality of molds and immediately transferred from the 
molds to blowing apparatus where they are blown into 
plastic articles. 
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Brief Description of the Drawings 

Figure 1 is a diagram illustrating the flow pattern 
of molten thermoplastic material in accordance with the 
present invention, 
5 Figure 2 is a diagram illustrating the manner in 

which molten thermoplastic material is continuously fed 
from a continuous supply through a distributor into a 
plurality of molding machines. 

Figure 3 is a sectional view of a distributor for 
10 directing flow of thermoplastic material to conduits 
leading to the molding machines. 

Figure 4 is a sectional view taken along line 4-4 
of Figure 3 . 

Figure 5 is a diagram illustrating the sequence of 
15 actuating the molding machines in a sequence to 
accomplish substantially constant flow of molten 
thermoplastic material from the continuous supply. 



icriptjon of tfre Invention 
20 According to the present invention, there is 

provided an apparatus for producing molded thermoplastic 
articles comprising 

a) supply means forming a continuous supply of 
molten thermoplastic material, 
25 b) a distributor connected to the supply means 

for receiving the material therefrom, 

c) means for feeding the material to said 
distributor, 

d) conduits connecting the distributor to intakes 
30 of a plurality of molding machines, the 

conduits being of substantially equal length 
and shaped to allow substantially 
uninterrupted flow of the material at 
substantially equal residence times 
3 5 therethrough , 
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e) means for actuating each of the molding 
machines in a predetermined timed sequence to 
accept a charge of the material and form it 
into a molded article such that the flow of 

5 material through the distributor is 

substantially constant , 

f ) means for ejecting the molded article, and 

g) means for repeating steps e) and f ) in 
sequence . 

10 Also, according to the present invention, there is 

provided a method for producing molded thermoplastic 
articles comprising 

a) supplying a continuous feed of molten 
thermoplastic material, 
15 b) distributing the continuous feed to the 

intakes of a plurality of molding machines 
through conduits of substantially equal 
lengths and shaped to allow substantially 
uninterrupted flow of the material 
2 0 therethrough , 

c) opening the intakes of each of the molding 
machines in a predetermined sequence to accept 
a charge of the material, wherein the flow of 
material through the distributor is 

25 substantially constant, 

d) molding an article in at least two of the 
plurality of molding machines, and 

e) ejecting each of the articles after it is 
molded. 

30 Polymers that are particularly useful in this 

process include poly (ethylene terephthalate) , 
poly (ethylene naphthalenedicarboxylate) , and 
copolyesters containing up to about 50 mol % of 
modifying dibasic acids and/or glycols. Modifying 

35 dibasic acids may contain from about 2 to about 40 
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carbon atoms and include isophthalic, adipic, glutaric, 
azelaic, sebacic, fumaric, diner, cis— or 
trans-l,4-cyclohexanedicarboxylic, the various isomers 
of naphthalenedicarboxylic acids and the like. 
5 Highly useful naphthalenedicarboxylic acids include 

the 2,6-, 1,4-, 1,5-, or 2,7-isomers but the 1,2-, 1,3-, 
1,6-, 1,1—, 1,8-, 2,3-, 2,4-, 2,5-, and/or 1,8— isomers 
may also be used. The dibasic acids may be used in acid 
form or as their esters such as the dimethyl esters for 

10 example. 

Typical modifying glycols may contain from about 3 
to about 10 carbon atoms and include propylene glycol, 
1 , 3-propanediol , 1 , 4-butanediol , l , 6-hexanediol , 
diethylene glycol, 1 , 4-cyclohexanediol , 1 , 4-cyclohexane- 

15 dimethanol, and the like. The 1,4-cyclohexanedimethanol 
may be in the cis or the trans form or as cis/trans 
mixtures . 

It is important that the inherent viscosity (I.V.) 
of the thermoplastic material be suitable for molding. 

20 Generally, the I.V. should be within the range of about 
0.65 to 1.0, preferably about 0.70 to 0.90. I.V. as 
used herein is measured at 25°C using 0.50 g of polymer 
per 100 mL of a solvent consisting of 60% by weight 
phenol and 40% by weight tetrachloroethane . 

25 Referring to Figure 1, conduit 20 leading to 

distributor 18 preferably is provided with a line 22 
leading through relief valve 24 to a pelletizer 26, 
which is useful for diverting the molten thermoplastic 
material from the distribution system during start— up or 

30 system upsets. This diverted material may be solidified 
and pelletized in conventional manner for disposal or 
later use. 

The molten thermoplastic material flows through a 
mixer 19, preferably a static mixer, construction of 
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which is well known in the art, just prior to entering 
the distributor 18 to insure homogeneity. 

Although the apparatus and method described herein 
is generally described in reference to a nine station 
5 system (nine molding machines) , it should be understood 
that the number of stations is not critical. For 
example, as few as 2 may be used. However, in Figure 1, 
only three stations are illustrated with the 
understanding that the rest of the stations would be of 

10 like construction. 

From the distributor 18, the molten material flows 
through conduits 28, 30 and 32 to molding machines 34, 
36 and 38 respectively. Static mixing devices (not 
shown) may also be used if desired as the material 

15 enters the injectors 40, 42 and 44 respectively. 

although not required in this invention, purge lines 46, 
48 and 50 may be connected to conduits 28, 30 and 32 
respectively to handle waste material after a machine is 
shut down for maintenance or repairs. 

20 The injectors are operated, or actuated, in 

predetermined sequence by a hydraulic system which is 
timed, preferably in a conventional manner by a computer 
system, to move the rams, or plungers of each to result 
in a continuous flow of molten material from the 

25 distributor 18. The hydraulic system is conventional, 
and is operated by a pump 52 through a system which 
forces hydraulic fluid through check valve 54 through 
accumulator 56 into solenoid-operated, 3-way valves 58, 
60 and 62 which serve injectors 64, 66 and 68 

30 respectively. It is the solenoid valves which are 

operated in timed sequence, preferably by a computer, to 
allow hydraulic fluid to be supplied to the hydraulic 
cylinders of the injectors in predetermined timed 
sequence. Flow control values 70, 72 and 74 are placed 

35 in hydraulic lines 76, 78 and 80 which, in combination 
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with bypasses 82, 84 and 86 respectively allow hydraulic 
fluid to pass under sufficient pressure to force the 
pistons of injectors 64, 66 and 68 in a direction to 
force molten thermoplastic material into molds 90 , 92 
5 and 94 respectively. Upon completion of the injection 
stroke of each, the solenoid valves are actuated to 
allow pressure of the molten material to push the rams 
back for refilling the cylinders. This is accomplished 
by the hydraulic fluid flowing back through the flow 

10 control valve bypasses. 

Referring now to Figures 3 and 4, distributor 18 is 
shown having an inlet 100 and a plurality of 
outlets 102, 104, 106, 108, 110 and 112 for directing 
the flow of molten thermoplastic material to the 

15 individual molding machines. Distributor 18 may 

conveniently be what is sometimes called a distributor 
block, i.e., a solid block having a plurality of 
passages leading from inlet 100 to the outlets 102-112. 
The passages inside the distributor are gently curved to 

20 reduce the possibility of eddies occurring therein from 
the flow of material. Also, all the conduits leading 
from the supply to the molding machines are either 
straight or gently curved to reduce the possibility of 
eddies. Furthermore, the interior of the distributor 

25 and conduits is smooth. The distributor 18, as well as 
the conduits, may be heated if desired by using 
conventional heating means such as, for example, jackets 
provided with a heating material to keep the molten 
thermoplastic material at the desired temperature. 

30 The molding machines may be conventional injection 

molding machines used to produce plastic parts. These 
machines are operated in a conventional manner by 
injecting a quantity of the molten thermoplastic 
material into the mold cavity, causing the molded 

35 article to solidify, and ejecting the molded article 
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therefrom, after which the cycle is repeated. Handling 
of the molded article may be accomplished by 
conventional means well known to those skilled in the 
art, such as by a robot operating in a timed manner. 
5 Referring now to figure 5, a diagram is illustrated 

wherein the position of the injector ram of each molding 
machine is shown, whereby substantially constant flow of 
the material is accomplished. As described previously, 
the rams are operated in a sequence determined by the 

10 hydraulic actuating system, preferably timed in a 

programmed manner. The diagram on the left and its code 
is shown for the cycle time of each of the nine molding 
machines. However, for simplicity, only 5 molding 
machines, one for every other on the cycle diagram, are 

15 illustrated in the diagrams on the right. Cycle time T 
is calculated from the formula T = (n x W x np) 

Q 

where 

n = number of molding machines 
20 w = weight of each preform 

np = number of preforms per machine 
Q = total polymer flow rate in 

when one machine is down, such as for maintenance, T is 
25 reduced and the cycle frequency increases to maintain a 
constant Q. 

Typical times are as follows: 
Cycle Time = 22 sec. 

30 Injection of Polymer into Mold — Ti ~ ~ l sec. 

Hold Cycle for Continuous 

Press During Preform Cooling - Th = ~ (T-Ti) 

2 



35 



Fill Cycle, Refilling Shot Cavity 
for Next Injection — Tf = ~ (T— Til 

2 
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The invention has been described in detail with 
particular reference to preferred embodiments thereof, 
but it will be understood that variations and 
modifications can be effected within the spirit and 
5 scope of the invention. 
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CLAIMS 



We claim: 

5 l. Apparatus for producing molded thermoplastic 

articles characterized as comprising 

a) supply means forming a continuous supply of 
molten thermoplastic material 

b) a distributor connected to said supply means 
1° for receiving said material therefrom 

c) means for feeding said material to said 
distributor under pressure 

d) conduits connecting said distributor to 
intakes of a plurality of molding machines, 

15 said conduits being of substantially equal 

length and shaped to allow substantially 
uninterrupted flow of said material with 
substantially equal residence time 
therethrough , 

20 e) means for actuating each of the molding 

machines in a predetermined timed sequence to 
accept a charge of the material and form it 
into a molded article such that the flow of 
material through the distributor is 

25 substantially constant, 

f ) means for ejecting said molded article and 

g) means for repeating steps e) and f ) in 
sequence . 

30 2. Apparatus according to Claim 1 wherein the supply 

conduit is provided with a bypass conduit which is 
connected to a pelletizer, whereby said material 
may be diverted at selected times. 



WO 97/02126 



PCT/US96/11278 



- 10 - 

3. Apparatus according to Claim l wherein said 
material is a polyester. 

4. Apparatus according to Claim 1 wherein said molding 
5 machine is an injection molding machine, 

5. Method for producing molded thermoplastic articles 
characterized as comprising 

a) supplying a continuous feed of molten 
10 thermoplastic material, 

b) distributing said continuous feed to the 
intakes of a plurality of molding machines 
through conduits of substantially equal 
lengths and shaped to allow substantially 

15 uninterrupted flow of said material with 

substantially equal residence times 
therethrough , 

c) opening the intakes of each of said molding 
machines in a predetermined sequence to accept 

20 a charge of said material, wherein the flow of 

said material through said distributor is 
substantially constant, 

d) molding one or more articles in at least two 
of said plurality of molding machines, and 

25 e) ejecting each of said articles after it is 

molded. 



WO 97/02126 PCT/US96/11278 

2/4 




Fig. 4 



WO 97/02126 



PCT/US96/11278 



4/4 



ii 

LU 



< 






z o o 

j r w uj 

u. uj £ ^ I 

k s it *~ « 

, S3 • — 

P 2 z «c H 




x — 
8 



to CO 



00 o 



INTERNATIONAL SEARCH REPORT 



Inte oral Application No 

PCT/US 96/11278 



A. CLASSIFICATION OF SUBJECT MATTER 

IPC 6 B29C31/04 B29C45/12 



According to International Patent Classification (IPC) or to both national classification and IPC 



B. FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 

IPC 6 B29C 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 



Electronic data base consulted during the international search (name of data base and, where practical, search terms used) 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category * 



Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



Y 
A 

X 
Y 



US,A,4 470 796 (STROUP JOHN F ET AL) 11 

September 1984 

cited in the application 

see column 3, line 12 - column 4, line 34 

see column 5, line 59 - column 8, line 4; 

claims; figures 

mm mm wm 

US, A, 5 269 348 (SCHNAUS WALTER ET AL) 14 
December 1993 

see column 3, line 57 - column 4, line 31; 
claims; figures 

FR,A,2 114 455 (GILBERT AUTHIER) 30 June 
1972 

see the whole document 

-/-- 



1,3-5 



2 

1,3,5 

1,3,5 
2 



LD 



Further documents are listed in the continuation of box C. 



m 



Patent family members are listed in annex. 



' Special categories of cited documents : 

*A* document defining the general state of the art which is not 
considered to be of particular relevance 

*E" earlier document but published on or after the international 
filing date 

*L* document which may throw doubts on priority c!aim(s) or 
which is cited to establish the publication date of another 
citation or other special reason (as specified) 

"O* document referring to an oral disclosure, use, exhibition or 
other means 

*P* document published prior to the international filing date but 
later than the priority date claimed 



*T* later document published after the international filing date 
or priority date and not in conflict with the application but 
cited to understand the principle or theory underlying the 
invention 

'X* document of particular relevance; the claimed invention 
cannot be considered novel or cannot be considered to 
involve an inventive step when the document is taken alone 

*Y' document of particular relevance; the d aimed invention 
cannot be considered to involve an inventive step when the 
document is combined with one or more other such docu- 
ments, such combination being obvious to a person skilled 
in the art 

document member of the same patent family 



Date of the actual completion of the international search 



5 November 1996 



Date of mailing of the international search report 



119,1 1.96 



Name and mailing address of the ISA 

European Patent Office, P.B. S8I8 Patentlaan 2 
NL - 2280 HV Rijswijk 
Tel. (+31-70) 340-2040, Tx. 31 651 epo ni, 
Fax (+31-70) 340-3016 



Authorized officer 



Labeeuw, R 



Form PCT/1SA/3I0 (second ttifiat) (July 1993) 



page 1 of 2 



INTERNATIONAL SEARCH REPORT 



Intt .onal Application No 

PCT/US 96/11278 



^Continuation) DOCUMENTS CONSIDERED TO BE RELEVANT 



Category * 



Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No, 



P,Y 



EP.A.0 672 514 (ZIHMER AG) 20 September 
1995 

see column 6, line 43 - line 57 

see column 7, line 21 - line 28; claims; 

figures 

DE.A.28 20 135 (HITACHI SHIPBUILDING ENG 
CO) 16 November 1978 
see the whole document 

FR.A.l 169 524 (SPECIALITES ALIMENTAIRES 
BOURGUIGNONNES) 29 December 1958 
see the whole document 

DE.A.41 38 849 (PLANEX 
PROJEKTIERUNGSGESELLSCH) 27 May 1993 
see the whole document 

DE,A,41 38 978 (BERSTORFF GMBH MASCH 

HERMANN) 3 June 1993 

see column 2, line 18 - line 23 

see column 2, line 67 - column 4, line 58; 

claims 

US,A,3 355 763 (WILLIAM H WILLERT) 5 

December 1967 

see the whole document 

FR.A.2 069 354 (KATASHI AOKI) 3 September 
1971 

see claims; figures 

GB,A,865 403 (C & J CLARK) 19 April 1961 
see the whole document 



1.5 



1,4,5 



1,4,5 



1,4,5 



1,5 



1,4,5 



1,4,5 



Form PCT/IS A/210 (amUnuaUon of teeond ibect) (Jury 1992) 



page 2 of 2 



INTERNATIONAL SEARCH REPORT 



Intt ional Application No 

PCT/US 96/11278 



Pateni document 
cited in search report 


Publication 
date 


Patent family 
member(s) 


Publication 
date 


US-A-4470796 


11-09-84 


US-A- 


4372910 


08-02-83 






DE-A- 


3124523 


09-06-82 






FR-A- 


2484906 


24-12-81 






GB-A.B 


2078601 


ml 0% m W\ Am. 

13-01-82 






JP-C- 


1609363 


28-06-91 






JP-B- 


2032973 


24-07-90 






JP-A- 


57029428 


17-02-82 


US-A-5269348 


14-12-93 


EP-A- 


/\ /•■ ■» r f\f\w 

0615006 


14-09-94 


FR-A-2114455 


30-06-72 


|| Ail H' 

NONE 






EP-A-0672514 


20-09-95 


DE-A- 


4409234 


21-09-95 

9mm mm -mr mw mw mm? 






US-A- 


5499652 


19-03-96 


DE-A-2820135 


16-11-78 


JP-C- 


1131639 


17-01-83 






JP-A- 


53140361 


07-12-78 






JP-B- 


57017415 


10-04-82 






GB-A- 


1590366 

mm* %A? mw %m¥ ^m 7 *mT 


03-06-81 






US-A- 


4242073 

T mm ■ W # ^ 


30-12-80 


mm* A m %m aw, am. gmm aWa. a\ 

FR-A- 1169524 


29-12-58 


NONE 






DE-A-4138849 


27-05-93 

mm* f \f imf mf mm? 


NONE 






DE-A-4138978 


03-06-93 


DE-A- 


4143374 


03-06-93 


US-A-3355763 


05-12-67 


FR-A- 


1465726 


30-03-67 


FR-A-2069354 


03-09-71 


BE-A- 


758873 


16-04-71 






CA-A- 


946562 


07-05-74 






DE-A- 


2055465 


24-06-71 






GB-A- 


1310297 


14-03-73 


GB-A-865403 




NONE 







Form PCT/lSA/JtO (patent fimily annex) (July 1992) 



